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W2 Plastics®] AHEF F71eh 374 EzEdl
FA9] &7t thgstE I o]o] wEtA AR BA
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BAe WEAA Zej2elde] AFHAeH,
A1} 23 AZE 13]’\5]@_ FA9 &= tfdslr}
=3t7) A&k

ue ox

4
o
=7

M

F2 284 5ol ATk
FezEde 4% A9} Aol S5stel
BT okgThe Ho) JbsIE, YFE
FEAE =Y + Utk £33 Table 194 He
vpsh 2ol HBES AbHAel Fi1, A 4
z7os 43 AL WRAE 39 Ao,
F)2EAe Az A7 B}
WrgAelsl Y=o weh BrkEe 1 vk

T 7kaA, ASPEAA, o]FA, dALAA ol
AHg-€tt,
U ut-8-Z 2] ~ €] Y (GPPS : General Purpose
Polystylene)

e Z2]2 )2 PMMA(Polymethylmethac-
rylate) vh&o 2 o] £ul, GPPSY B4 w3
HEEAFEM,), EAFRE, skaAe] 2F 2

FF ol 23X 2AFHAAH, {FEAAAF(Melt

Ze]2HAe AA dvrE(GPPS)3} &AL Flow Index), Vicat A8y, ZIEAE 59 54
(HIPS) 2.2 U¥]ojAm, &4 H/MAE H71e of 9&& v
IA Zel2EH, AgAS ZelaEd 2 WEA drH o2 Exel F7kstE 54 A(M.F.
Table 1. Shrinkage Values for Plastics Materials(Din 16901)
; st
Shrinkage . . Thermoplastics Thermosets
value( %) Partitally crystalline Amorphous

0~1 Glass fiber-PA*,
Glass fiber-POM*

PS: SAN; SB; ABS ;
Rigid PVC ; PMMA ;
PPO modified, PC ;

Phenol formaldehyde and me-
lamine formaldehyde types

with inorganic fillers

PETP amorphous

1~2 PP +inorganic filler* ;
PA*, POM, < 150mm Long*
; PETP, crystalline

Cellulose propionate

2~3 PE*, POM > 150mm* ;
PP*, PE/PP

3~4 Polybutene-1 molding
compound

Cellulose acetate
Cellulose acetate butyrate
Cellulose acetate propionate

Phenol formaldehyde and me-
lamine formaldehyde types
with organic fillers, unsaturated

polyester types

Plasticized PVC with low
Plasticizer content 1~3

* . Corresponding at wall thickness > 4mm the next-higher shrinkage value group

PA : Polyamide ABS ! Acrylonitrile butadiene styrene PETP : Polyethylene  tere-
POM : Polyoxymethylene, polyacetat PVC Polyvinyl chloride phthalate

PS : Polystyrene PMMA : Polymethyl methacrylate PP ! Polypropylene

SAN : Styrene acrylonitrile PPO  : Poly phenylene oxide PE  : Polyethylene

SB ! Styrene butadiene PC . Polycarbonate

IFEXostnt 7|1E A 3A 53 199249 10€
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R, : Propagation rate
k,

kd : Rate constant of free radical formation

. Rate constant of propagation

ktc . Rate constant of radical recombination
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ktd : Rate constant of radical disproportiona-
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[M] . Monomer mole concentration
kR 7h AnEE dhee W3 &2 R
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Fig. 6. Diagram of the continuous bulk polymerization for polystyrene.

Instantaneous

Radial mixing perfect mixing \
|
— 5 With internal
mixing
'7’/' ] aHlig"‘ieo'n Perfect
Recirculation loop g S/V CSTR
o] g
Recirculation
a] g
h | d L] ]
5 b T
Axially segregated
b o Agitated agitated reactor w
tower H
n} q E
k1
u} q 2
a] g
Unagitated CSTRs in series
tower ~ with
Erpty pipe internals
(No mixing

Fig. 7. Solution process polystyrene reactors as a fun-
ction of axial and radial mixing.

ek et g Hdol At A3FE
Holl o9&l AA AzPe PSEFHY AHA TARE
Fig, 60 vtepd wio} go), 7 385+ 7t

7ttgct. Fig. 60 vebd #435Ee
Free Radical 3-8 o] &3 A& AHOEX
Aol £& FEEolth WA g
Bl T 9} 432 848 Feedingdlth. w3700
= 9SES AASH7] 913 Jacket cooling coild}
A L FEAE ddstA aukely] 943 B3
wk7)74 Sk,

YFEHA 2 2HE Sl dtu FdF
EAE S8t 9A &9 AR FEA) 7
EFHolof k= ol WH-7IVY auby] o wk
3712 ¥e)(Radial and Axial Type)d] I3+ ut
=

Fig. 72 Radial ¥ Axial &% VeRd AHo|r),

£ o} =¥ (Solution Polymerization)

A5 Bufo] EAtol 5 P3h= Ao
o Sl X 289 93 2 Za2ejd il
thate] gafdo] Sle &ulE AMEshe Ao (H
A FB) FE|2Ede &840 gl #ME
AHESHE B (ETAAEEH 7T Utk f95Ee
W29 ™ol goldtrhe Aol glovt whs
FEF 8ulE Fdtool T} o]RAL YHSHA
37] fsiNe AeSH7E sy ANt
opXIvhe wio] k. E=3F &yl Agurge A
AZgolt, dAdolEe T8-S 3t nEAF

X
tlo
>

B
of

397



PSE 7] olgigu7} et o o 2e AFH
9o PS A|Zd F&3t.

@ €} 3 (Suspension Polymerization)

e 2HAS 4 AL ndlksty
EAA 71 Fatsl Wiz ds go] Bole R &
o 2gjdlde &3l ANAE 7Hete 71Est
HA STk WRlolth. BE A48 ZEF A
(0.1~0.5mm) & <HHAI717] fi3te] YAt BAE
Hobsle gAtAAzE e awdE 2 U)d
oo, A, s, Zended e £44
EA7L AR olgte] YAt BASEA A
3l7] i3] 2Ejdn 7o) vl SHAI] A
HoVE, 49 294 §8 U £ 5ol
Mok gL HA3FEH AR 2%
&7l W2 £ PHFHL GHA SolA 3
HAG dRe F8d EEGME dojdr}, o] F
Futg-2 BE waduhgolAyk Eibur EA317]

2
Frat5 oMt Zol A 34 B
1 @7 diel Huy #x0t 22 s 4
At EE odE IHARAN E8F FUIE
f|3ldol gtk & FEFNS FHFE T b
$87) e Fibuele] Eelrt fojdit) o] Ei
e 4de)7] diEel HFo] &oltnz FHFHL
22X Ho] 20]d i,

3} 3 (Emulsion Polymerization)

5 vrel e {F3AE B 3o ol
Aol Fofl B8 F= F8AE% GFAE slsle »
HHetH A R4 AAAE AHRs FEATI=
Wwyol},

frEsgoes A4dd 184 4
ojwj olmje] ZejHE EA
g 9 ol HADT g
S W3Eo Aol folata YL 43t
37 4dd. FENeE wai F
dojzln] ThE WPo 2 o)L FEHA

N

g4t shRle] A=t qich

& 71E FES @3 Enrt dolx
H A71% dE Fol Eojd 27t Uk &
gz SuAE AU B ARE nEY E
gz & oy A oEd FHE AHsshe
297 Brh, Aoz ud Ao gy
PG Az Go Bo] o]&HT o ofHA
defe} Fejnle FHFo] §ol3RE 1 AF2 A E,
Fo], Lo FANFA, EHYEY REEE
ole] H7kAl Z+E HAA, =8 T oI &%)
o] &5 i Yrt.

2E A Sl 39222 SBRe|u ABSH =
Sof ol&Hx 9ler 1 Ax TR FEEgd
frAFsket

o] 22 3%} (Ionic Polymerization)
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Table 3. v+& 2 w9 3-8, Bzt

TEHRE ZVFEE YA HFERF
(o (% /Hr) (cps) X 10
60 0.089 3000 225
70 0.205 1400 140
80 0.462 650 88
90 1.02 360 61

100 2.15 200 42
110 4.25 120 31
120 85 75 23
130 16.2 48 175
140 284 30 13
160 - 14 8.3

*2olg g 23ke B399,
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Table 4. Polymerization Techniques for Producing Polystyrene

Method Polymerizing system Advantages Disadvantages Cost factors
Bulk(batch) Pure styrene mono- | Simplicity, high cla-|Poor heat control Noncommercial
Solution(batch) |mer rity
‘Solution(batch) | Styrene diluted with | Much better tempe- | Solvent reduces mo- | Noncommercial

solvent rature control lecular weight and
rate
Continuous bulk- | Styrene monomer | More uniform pro- | Mechanical problem | Expensive equipment

solution

Suspension

Emulsion

Solution, ionic

with or without sol-
vent fed continuously
to reactor

Water used as a car-
rier with stabilizing
agents to keep mate-
rial in suspension,
and one or more ca-
talysis to speed poly-
merization

Water used as carrier
with emulsifying
agent to give exire-
mly small particles

Styrene and other
monomers diluted

with solvent

duct high clarity, ex-
cellent color, low vo-
latile levels

Excellent heat of pol-
ymerization removal
. simple  kettles ;
very high conver-

sions to polymer

Rapid reaction and
excellent heat of pol-
ymerization  remo-
val ; some copolyme-
rizations not possible
by other techniques
proceed readily in
emulsion ; simple

kettles

Can produce copoly-
mers that cannot be
produced readily by
other polymerization
method, EG, styrene-
butadiene block co-
polymer ; rapid poly-
merization rate

in moving highly vis-
cous finished poly-
mer

Possible contamina-
tion from water and
stabilizing  agent :
batch operation

Contamination of po-
lymer with water and
emulsifying agents ;
color and clarity of
polymer deficient ;
broad molecular wei-
ght distribution ;
usually a batch ope-
ration

Difficulty in maintai-
ning good color ; sol-
vent and catalyst re-
sidue removal ; high
sensitivity to impuri-
ties

Catalysis ; stabili-
zers ; washing of po-
lymer ; may require
further devolatiliza-
tion or reextrusion ;
waste-water treat-
ment

Catalysis ; emulsi-
fiers and  stabili-
zers ; coagulants ;
washing and drying
of polymer pelleting
of dried polymer ;

waste-water treat-
ment
Expensive equip-

ment ; recovery  of
solvent and recycle ;
catalyst ; purification

- %ol Z3H(Cationic polymerization)

BF;+H,O==H"*[BF;0H]~

H*[BF;OH]~ +CH,=CH—CH,-CH*[BF,0OH]"-

+ 29o]& Z¥(Anionic polymerization)

ol’goll A ol uie} o] PS 3 el o

A7EA7F sk @A Aoz AFEHE e AN

TR e FRoIn} 53 d= FPYHes

p
L

g40] 4% nEAFS PSE U

2
N

Art

7t Z3ge] 3 - v Table 49 2o,

n-C4Hg Li* + CH,=CH—n-C,Hs-CH,-CH Li*

IEANED 7|8 A 3H 55 19929 10€
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obul 2] 7} 2,240 2,280 2,320 5 - olWlelzk 293 311 61 15
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1990 508516 114 403725 125
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Fig. 8. Diagram of the continuous solution process for

styrene polymerization.
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Fig. 9. Schematic diagram of the process for polysty-
rene manufacture by suspension polymerization.
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